Asymmetric hydrogenation of ketones is a key technology to synthesize optically active secondary alcohols. The heterocyclic ring was left intact.
complex, Cp*Ir(OTf)(Msdpen) (3) (Cp* = pentamethylcyclopentadienyl, MsDPEN = N-(methanesulfonyl)-1,2-diphenylethylenediamine), has been revealed to be an excellent catalyst for asymmetric hydrogenation of α-hydroxy ketones, which are another class of base-sensitive ketonic substrates. 7 We herein describe enantioselective hydrogenation of aromatic heterocyclic ketones catalyzed by the Ir(III) complex 3. The reaction of 4-chromanone resulted in an optical yield of 99%, even higher than that by Ru(OTf)(Tsdpen)(η 6 -p-cymene). A series of heterocyclic alcohols was obtained with high enantioselectivity.
Asymmetric hydrogenation of 3(2H)-benzofuranone (1a) with the Ir complex, (S,S)-3, at a substrate-to-catalyst molar ratio (S/C) of 500 in CH 3 OH at 60 °C under 15 atm of H 2 was completed in 24 h to afford the desired alcohol, (R)-2a, in 94% ee (Table 1 , entry 1). 8 The heterocyclic ring was left intact.
To our knowledge, this is the first example of asymmetric hydrogenation of 3(2H)-benzofuranones. The substrate with a CH 3 O group at the C7 position, 1b, was also converted to (R)-2b in high enantioselectivity (entry 2). 
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The reaction conducted at 60 °C was stopped at about 50% conversion. The Ir complex (S,S)-3 exhibited excellent performance in hydrogenation of 4-chromanone (1d). Thus, the reaction with an S/C of 5000 (15 atm H 2 , 60 °C) for 24 h quantitatively gave (S)-2d in 99% ee (entry 4). 5, 11, 13 The high substrate concentration of 3.5 M is suitable for practical use. The catalytic activity of 3 for hydrogenation of 1d is comparable to that of an isoelectronic Ru(OTf)(Tsdpen)(η 6 -p-cymene), but the enantioselective ability is higher than that of the Ru complex (99% vs. 97%). 5 4-Chromanones with a CH 3 or Cl substituent at the C6 position, 1e and 1f,
were also smoothly hydrogenated with 3 in >98% optical yield (entries 5 and 6).
14,15
The electronic and steric properties of these substituents little affected the reactivity and enantioselectivity. The
Ir-catalyzed hydrogenation was applicable to 4-thiochromanone (1g) without loss of thiocyclic skeleton (entry 7).
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The desired alcohol (S)-2g was obtained in >99% ee quantitatively. 16 A cyclic keto sulfone 1h, which is hardly soluble in CH 3 OH, was hydrogenated in a 3:2 mixture of CH 3 OH and DMF (
. 17 Hydrogenation of 1-tert-butoxycarbonyl-1,2,3,4-tetrahydro-4-quinolinone (1i) afforded 2i in 96% ee and 90% yield (entry 9).
18
It is noteworthy that hydrogenation of 1-tetralone (1j), a carbocyclic aromatic ketone, gave the alcohol 2j in only 93% ee and 88% yield (entry 10: S/C = 500, 15 atm H 2 , 60 °C, 24 h), 11, 12, 19, 20 suggesting that a heteroatom, especially oxygen, in the aliphatic ring of the substrate plays crucial roles in achieving high reactivity and enantioselectivity (see for example entry 4). 
